Abstract. The Soil and Water Assessment Tool (SWAT) model was the primary model selected for use in the Conservation Effects Assessment Project-Watershed Assessment Study (CEAP-WAS). In this paper, the performance of SWAT in simulating streamflow, sediment yield, and atrazine loss from Goodwater Creek, a 72 km 2 watershed located in the claypan soil region of north-central Missouri, was evaluated. When the model was run using default parameters, it overestimated average annual streamflow by 32%, underestimated average annual sediment yield by 23%, and overestimated average annual atrazine loss by 8%. The Nash-Sutctliff coefficient (E NS ) values were < 0.35 when annual estimated and measured values were compared. The model was calibrated for streamflow using data collected from 1992 through 1996. After calibration, the difference between measured and estimated average annual flow was < 5%, and the E NS values for annual and monthly simulation results were 0.90 and 0.85, respectively. After calibration, the model did not perform well
Introduction
The National Resources Conservation Service (NRCS) and Agricultural Research Service (ARS) of the U.S. Department of Agriculture (USDA) have developed the Conservation Effects Assessment Project (CEAP) to quantify the environmental benefits of conservation practices implemented under the 2002 Farm Bill (Mausbach and Dedrick, 2004) . The two major components of CEAP are the national assessment study and the watershed assessment study. The primary objective of the CEAP watershed assessment study is to quantify the benefits of conservation programs and their many practices on water quality at the watershed scale. Twelve USDA-ARS watersheds were selected for the watershed scale assessment study including the Salt River Basin located in northeastern Missouri that drains into Mark Twain Lake.
The Salt River Basin lies within the claypan soil region, which occupies about 4 million ha in Missouri and Illinois. The influence of agricultural practices on these hydrologically complex soils and their impact on streamflow and water quality are not well understood. Efforts to gain a better understanding of the factors influencing water quality would be significantly enhanced by a good water quantity and quality simulation model. Models such as Water Erosion Prediction Project (WEPP) (Lane and Nearing, 1989) and Root Zone Water Quality Model (RZWQM) (RZWQM Development Team, 1992) have been used to characterize runoff, soil, and chemical losses from a claypan soil (Ghidey and Alberts, 1996; Ghidey et al., 1999) . Although their performance for these soil, crop, and climatic conditions was satisfactory, these models were not developed to simulate surface water quality from large watersheds. WEPP is an erosion model for simulation of runoff and soil losses for soil conservation planning, whereas the RZWQM is a 1-dimensional (vertical) water quality model for simulation of points within a field. In the watershed assessment study, a comprehensive model capable of simulating the impact of Best Management Practices (BMPs) on water quality must be used.
The Soil and Water Assessment Tool (SWAT) is a distributed watershed model developed by USDA-ARS to assess the impacts of land use management on water, sediment, and agricultural chemical discharges from large complex watersheds with varying soil, land use, and management conditions over a long period of time (Arnold et al., 1998) . SWAT was the primary model selected for CEAP. Our goal is to use SWAT to evaluate the effects of various management practices on surface runoff, streamflow, sediment yield, and chemical loss from the Salt River Basin. However, the model must first be calibrated using measured data from a small watershed within the basin. Objectives of this study were: (1) to evaluate the performance of the SWAT (Version 2003) model in simulating streamflow, sediment yield, and atrazine loss using the default model parameters; and (2) to calibrate and validate the hydrologic component of the model using measured data from Goodwater Creek, a 72 km 2 sub-watershed located within the Salt River basin.
Study Watershed
The Goodwater Creek watershed lies within the claypan soil region of north-central Missouri (Figure 1 ). The soil mapping units in this specific study belong to the Mexico series, and are considered poorly drained because of a naturally occuring argillic claypan horizon located 15 to 45 cm below the surface. The clay content of the argillic horizon is generally greater than 50% and the clays are primarily smectites. Because of the high runoff potential of these soils, surface runoff accounts for ~85% of the mean annual streamflow (Hjelmfelt et al., 1999) . Goodwater Creek is mainly an agricultural watershed. Land use/cover consists of 33.9% soybean, 13.7% wheat, 9.6% corn, 7.0% grain sorghum, 9.5% forest, 5.3% urban, and 22 % conservation practices (Heidenreich, 1995) . The Goodwater Creek watershed was established as a research catchment by the USDA-ARS in 1971 to study the hydrology of this claypan soil. Data measured from the outlet of the Goodwater Creek watershed from 1992-2002, excluding 2000, were used in this study.
The SWAT Model
SWAT was developed based on several previously developed models including Simulation for Water Resources in Rural Basins (SWRRB, Williams et al. 1985) and Ground Loading Effects of Agricultural Management Systems (GLEAMS, Leonard et al., 1987) . A watershed in SWAT is divided into a number of sub-watersheds based upon the drainage area of tributaries. Each sub-watershed is further divided into a number of hydrologic response units (HRUs) based on land cover and soil type, where each HRU is assumed to be spatially uniform in terms of land use, soil, and topography. SWAT has eight major components: hydrology, weather, erosion/sedimentation, soil temperature, plant growth, nutrients, pesticides, and land management. In this paper, the hydrology, sediment, and pesticide components will be discussed briefly. A full discussion can be found in the theoretical documentation of the model (Neitsch et al., 2002) .
The hydrologic component of SWAT simulates soil water content, surface runoff, evapotranspiration, percolation, and return flow on a daily basis. Surface runoff is estimated using the Soil Conservation Service (USDA-SCS) curve number (CN) equation (SCS, 1972) and is routed through the channel network using the variable storage routing method or Muskingum routing method. Potential evapotranspiration is estimated using the Penman-Monteith equation and corrected for land cover, based on simulated plant growth, to give the actual evapotranspiration. The model calculates percolation when soil water content exceeds soil field capacity and determines the amount of water moving from one soil layer to the next using a storage routing method. Interflow is simulated using a kinematic storage model for subsurface flow.
SWAT calculates soil erosion caused by the rainfall-runoff process using the Modified Soil Loss Equation (MUSLE) (Williams, 1975) . The equation replaces the traditional Universal Soil Loss Equation (USLE) rainfall factor with a runoff factor. The MUSLE is solved for each HRU and final sediment yields are routed down the main channels using a stream power equation (Neistch et al. 2002) .
The algorithms in SWAT used to model pesticide movement and fate are adapted from GLEAMS (Leonard et al., 1987) and EPIC (Williams, 1995) . For more detailed information refer to Neitsch et al. (2002) .
Model Input Parameters.
AVSWAT-X , the most recent SWAT ArcView interface, was used to generate topography, land use/cover, and soil input parameters required by the model. At a minimum, the model requires a digital elevation model (DEM), land use/cover, and soil GIS layers. The DEM for the Goodwater Creek watershed was obtained from 10-m buffered ESRI grid of the10-digit watershed 0711000604. Soils data were obtained from the USDA-Natural Resources Conservation Service (USDA-NRCS) Soil Survey Geographic database (SSURGO). Land use data were based on interpretation of 1992-1993 aerial photos and crop history data which describe actual crops planted in a specific farm field in a given year (Heidenreich, 1995) .
The climate input file includes daily precipitation, minimum and maximum temperature, solar radiation, wind speed, and relative humidity. Daily precipitation and minimum and maximum temperature data measured from the study watershed were used in the analysis. Solar radiation, wind speed, and relative humidity data were estimated by the model. Management information similar to that used (Table 1) to run SWAT for the Long Branch Lake watershed located about 70 km north-northwest of the Goodwater Creek watershed was used in this study (Food and Agricultural Policy Research Institute, 2000) . Tillage and chemical practices used for grain sorghum were assumed similar to corn.
Model Calibration
Parameters considered in the calibration of the hydrologic model were categorized into three groups (Neitsch et al., 2002) : (1) Parameters that influence surface runoff included the SCS curve number (CN), a soil evaporation compensation factor (ESCO), and the available soil water content (SOL_AWC); (2) Parameters that influence subsurface flow included a ground water reevaporation coefficient (GW_REVAP), the threshold depth of water in the shallow aquifer for re-evaporation to occur (REVAPMIN), the threshold depth of water in the shallow aquifer required for return flow to occur to the stream (GWQMN), a base flow alpha factor (ALPHA_BF), a ground water delay (GW_DELAY), and the deep aquifer percolation fraction (RCHRG_DP); and (3) parameters that influence routing processes included Manning's roughness coefficient in the main channel routing (CH_N(2)). For a more detailed description of theses parameters refer to the SWAT user manual (Neitsch et al., 2002) .
The two sources of sediment load were sub-watersheds, or HRUs, and channel degradation/deposition. Sediment yield from each sub-watershed or HRU was simulated using the Modified Universal Soil Loss Equation (MUSLE). Adjustments were made to the LS, P, and C factors of the MUSLE to calibrate sediment yield from the sub-watersheds or HRUs. The stream power equation (Neistch et. al., 2002) routing method assumes the maximum amount of sediment that can be transported in a given reach is a function of peak channel velocity (Arnold et al., 1995) . Parameters that affect channel degradation/deposition include the linear (SPCON) and exponential (SPEXP) parameters used in the equation to calculate sediment routing, a channel erodibility factor (CH_EROD), and a channel cover factor (CH_COV).
The parameters that influence pesticide fate and transport are (1) the soil adsorption coefficient (SKOC), (2) the wash-off fraction (WOF), (3) the degradation half-life of the chemical on the foliage (HLIFE_F), (4) the degradation half-life of the chemical in the soil (HLIFE_S), (5) an application efficiency (AP_EF), and (6) the solubility of the chemical in water (WSOL).
Data Analysis
Model predictions were evaluated using two methods: (1) a linear regression (r 2 ) method, and (2) 
Results and Discussion

Results using Default Parameters
The SWAT model was run for 11 years (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) to evaluate the performance of the model in simulating streamflow (both surface runoff and base flow), sediment yield, and atrazine loss using the default parameters. Data for the year 2000 were not used in the analysis because some data were missing during that year. The watershed was divided into seven sub watersheds with areas ranging from 7.0 km 2 to 13 km 2 . The sub-watersheds were further divided into 82 hydrologic response units (HRUs). To create HRUs, the threshold levels for both land use/cover and soil were set to 10%.
Measured and estimated annual and monthly streamflow, sediment yield, and atrazine loads are shown in Figure 2 . The model overestimated annual streamflow for all years. Measured and estimated average annual streamflows (surface runoff + base flow) were 426 and 563 mm, respectively, a 32% overestimation. Measured and estimated average surface runoff were 366 and 502 mm, respectively, indicating a 37% overestimation. The difference between measured and estimated base flow was 3.3% (59 mm measured and 61 mm estimated). The coefficient of determination (r 2 ) and Nash Suttcliffe efficiency (E NS ) values for annual simulation results were 0.89 and 0.33 for streamflow and 0.88 and 0.13 for surface runoff. The lower E NS values indicate that simulated flows did not match well to those measured. A comparison was also made between measured and estimated monthly flows (Fig. 2) . The model overestimated monthly streamflows <100 mm and underestimated streamflows > 100 mm. The r 2 and E NS values for monthly simulation results were 0.76 and 0.71 for streamflow and 0.74 and 0.68 for surface runoff.
The performance of the model in estimating sediment yield was satisfactory considering the model was not calibrated. The model underestimated average annual sediment yield by 23%. The r 2 and E NS values were 0.68 and 0.32 for annual sediment yield, and 0.42 and 0.39 for monthly sediment yield. Estimated annual sediment yields compared well to those measured, except in 1993, where the measured sediment yield was 2.5 times higher than that estimated. Excluding the data for this year, the model underestimated annual sediment yield by only 6%.
The performance of the model in simulating atrazine loss was not consistent throughout the simulation period. Although the model overestimated average annual atrazine loss by only 8%, estimated annual atrazine loss was greatly overestimated for 4 years and significantly underestimated for 5 years. The r 2 and E NS values for the measured versus estimated plots were 0.12 and 0.23 for annual atrazine loss, and 0.39 and 0.32 for monthly atrazine loss. These coefficients indicate that model performance was poor in estimating atrazine losses.
Model Calibration
The calibration procedure recommended by Santhi et al. (2002) was followed to calibrate runoff. Streamflow data measured from the outlet of the Goodwater Creek watershed from 1992 through 1996 were used to calibrate the model. As previously indicated, the model runs with default parameters overestimated surface runoff, so the primary focus in the calibration process was to adjust some of the key hydrologic parameters that influence surface runoff. The three parameters considered were: (1) curve number (CN); (2) soil evaporation compensation factor (ESCO); and (3) available soil water content in each soil layer (SOL_AWC). The CN of each crop was adjusted from the default value of 89 to 85. Adjusting the CN decreased average annual surface runoff by 23% compared to that simulated using the default value, but estimated surface runoff was still approximately 10% higher than the measured average annual surface flow. Adjustments were also made to ESCO and SOIL_AWC to closely match measured and estimated surface flow. ESCO was adjusted to 0.85 (Default ESCO=0.95) and SOL_AWC was adjusted to 0.12 (default SOL_AWC=0.10). When the above adjustments were made to the three parameters, the difference between average annual measured and estimated surface runoff was < 5%.
When the model was calibrated to reduce runoff, it simultaneously increased base flow, which caused estimated streamflow to still be higher than that measured. To calibrate base flow, adjustments were made to the ground water re-evaporation coefficient (GW_REVAP), and the threshold depth of water in the shallow aquifer required for return flow to occur (GWQMN). GW_REVAP was adjusted from 0.01 to 0.1, and GWQMN was changed from 0.0 to 125 mm. The difference between measured and estimated average annual streamflow was < 5% and the surface runoff difference was <1% when these changes were made to the above parameters. The r 2 and E NS values were 0.95 and 0.90 for annual streamflow, 0.95 and 0.90 for annual surface runoff, 0.94 and 0.85 for monthly streamflow, and 0.94 and 0.85 for monthly surface runoff. Santhi et al. (2002) suggested that if the simulated runoff is ±15% of that measured and E NS ≥ 0.5 and r 2 ≥ 0.6, then model estimation of surface runoff is expected to be satisfactory. The calibrated results exceeded the recommended values. The calibrated model estimated annual and monthly streamflow and surface runoff quite well; however, the model did not perform well in estimating flow on a daily basis (r 2 =0.35 and E NS =0.30). Additional calibration will be required to improve the prediction of daily streamflow.
No effort was made to calibrate the sediment component of the model. Due to the method currently used to compute sediment yield to account for the missing sediment concentration data, our measured sediment yields are expected to be higher than the preliminary values used to evaluate the default parameters. We are in the process of re-evaluating the calculations of sediment load from concentrations and flow, and the calibration of the sediment component will be performed in the future.
Calibration of the atrazine component of the model will also be conducted in the future. Before we calibrate the model for atrazine, further calibration of the model will be required for better estimates of daily streamflow, and multiple applications of atrazine will need to be used to capture the temporal distribution of atrazine application in the watershed.
Model Validation
The calibrated model was validated using 5 years (1997 through 2002, excluding 2000) of streamflow data measured from the outlet of Goodwater creek watershed. The difference between measured and estimated average annual streamflow was very small (< 0.1%). The model underestimated average annual surface runoff by 5.0%. There was a good relationship between measured and estimated annual flows (Fig. 3) , with r 2 and E NS values of 0.88 and 0.88 for streamflow and 0.68 and 0.64 for surface runoff. There was also a good relationship between measured and estimated monthly flows. The r 2 and E NS values were 0.73 and 0.70 for streamflow and 0.68 and 0.66 for surface runoff. The performance of the calibrated model was adequate in estimating streamflow on an annual and monthly basis.
Summary and Conclusions
The performance of the SWAT model in simulating flow, sediment yield, and atrazine loss from a watershed in a claypan soil region of north-central Missouri was evaluated. Data measured (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) from the outlet of Goodwater Creek, a 72 km 2 watershed located in northcentral Missouri, were used in the study. When the model was run using the default values, it overestimated both streamflow and atrazine loss and underestimated sediment yield. The model was calibrated using 5 years of data (1992) (1993) (1994) (1995) (1996) to closely match measured and estimated surface runoff and base flow on annual and monthly basis. Adjustments were made to the curve number (CN), soil evaporation compensation factor (ESCO), and available soil water capacity (SOL_AWC) parameters to calibrate surface runoff. To calibrate base flow, adjustments were made to ground water re-evaporation coefficient (GW_REVAP) and threshold depth of water in the shallow aquifer required for return flow to occur (GWQMN). For the calibrated model, annual and monthly measured and estimate streamflows compared very well with a Nash-Sutcliff coefficient (E NS ) of 0.9. However, the calibrated model did not perform well in estimating streamflow on a daily basis (E ns =0.3). The model was not calibrated for sediment yield and atrazine loss. Before these parameters are calibrated, further calibration of the hydrologic component of the model is needed to improve model estimation of daily flows. The calibrated model was validated using 5 years of streamflow data (1997 through 2002, excluding 2000) measured from Goodwater Creek watershed, and estimated annual and monthly streamflows compared well with those measured. Overall, the calibrated model adequately estimated both annual and monthly flows. 
